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Management of inventories is recognized today as one 
' of the key responsibilities in achieving continuous andec-
I 
onomical plant operationo Inventory dollars are no longer 
regarded as a drain on working capital; they are a factor 
to be used and administered with skill and intelligenceo 
The purpose of this thesis is to outline methods for 
establishing an inventory control programo It is my hope 
that this thesis will make managers cognizant of the im-
portance of control and the advantages which may be obtain-
ed from installing an inventory control programo 
I am deeply indebted to the Ideal Cement Company for 
granting me the research fellowship which has made this 
study possibleo 
I am grateful to Professor Wilson Jo Bentley, Dr o Paul 
Eo Torgersen and Professor Scott To Poage for their invalu-
able guidance and assistance in the preparation of this 
thesiso 
With regard to the actual investigation, the writer 
wishes to acknowledge the helpful information made avail-
able by the following officials of the Dolese Company: Mr o 
Shelton, Vice President; Mro Keith Harris, Controller; and 
Mro Valdie Mo Carr, Sales Managero 
481203 
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I take this means of expressing my gratitude to 
Aurelio S. Lagman, Jro for his cooperat i on in making thi s 
studyo I appreciate having had the opportunity to work 
with such a capable and energetic persono 
Finally, I wish to thank Miss Velda Do Davis for her 
contribution of editing and typing this thesiso 
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CHAPTER I 
INTRODUCTION 
Management has many functions in an organizationo Its 
primary duty is to maintain the organization so that a prof-
it can be made from its operationo In order to maximize 
. 
profitsj entrepreneurs have been applyin@f'more scientific 
means of running an organizationo The use of mathematics, 
especially statistics, has been recognized as a basic tool 
in aiding the entrepreneur to make decisions. In the past, 
decisions concerning the running of an organization were 
often made on an intuitive or a guess method. Many organ-
izations were highly successful using this approach, but, 
as times changed, the entrepreneurs were often faced with 
~,more complex decisions brought on by technological advances 
as well as rising costs and increased competitiono It be-
came necessary to plan operations in greater detail and em-
phasis was placed on cost cutting in an effort to produce 
products that could be priced within reach of the consumer 
and also meet competitiono 
To be able to predict and adopt policies for running 
an organization is not enough; management must apply con-
trols so that the policies will be carried out and the or-
ganization can accomplish its objective of profit and pro-
1 
viding a customer serviceo Standard cost accounting sys-
tems 9 inventory control 9 production planning and schedul-
ing are a few of the methods being used by managers as 
means for regulating and controlling the organizationo 
2 
The idea of II Management Control 0\ al though it is not 
a new conceptj has been gaining wider acceptance. Smaller 
businessmen have realized that in order to maximize the 
profits in an organization~ it is necessary to reduce ex-
penseso The effectiveness of any type of control program 
initiated by management must be under constant supervision 
and review o No matter what policies are adopted, they will 
not be effective unless they are carried out o 
Statement of the Problem 
Inventory control refers to the process whereby the 
investment in materials and parts carried in stock is reg-
ulated within predetermined limits set in acco~dance with 
the inventory policies established by management o1 It is 
the objective of this thesis to present to the management 
of a concrete batch plant operation a method for establish-
. 
ing a means of controlling stone aggregate inventories and 
encourage the installation of a sound inventory programo 
The first area discussed in the context of this thesis 
is forecasting ; without it a sound inventory program could 
1carson ~ Gordon Bo Production Handbook (New York 9 
1958)~ Po 4•l o 
3 
not be initiatedo A company must know what to plan for and 
what revenue it can expect. From forecasting, are di~cuss-
ed the actual levels of inventories to be carried and are-
order rule is introduced as a means of determining inven-
tory levelso Finallyj techniques of management control are 
discussed and methods explained for the actual control of 
inventorieso The application of quality control charts to 
inventory is shown as a simple means of providing controlo 
The techniques discussed in this thesis are similar to 
the ones recommended to the Dolese Company of Oklahoma City, 
Oklahoma for establishing an inventory control programo 
Some of the data used in this thesis was furnished by the 
Dolese Company and figures have been changed to protect 
confidential sales informationo 
CHAPTER II 
BUSINESS FORECASTING 
Business forecasting is a prerequisite to a sound in-
ventory control programo This forecasting may be accom-
plished either formally, ioeo, with mathematical models, or 
informally, ioeo using intuitive judgmentso The forecast 
provides the manager with an estimate of the future demand 
for his product or service and then permits the manager to 
provide for that time when the anti~ipated demand becomes 
a realityo 
The demand forecast is a link between evaluation of 
external factors in the economy which influence the busi-
ness and the management of the company's internal affairso 2 
Actually, no forecast of demand is a guarantee of certain-
ty o It should be kept in mind that a demand figure is only 
an estimate and would be interpreted in the following man-
ner : 00 If conditions continue as they have in the past and 
in view of the current situation, we can expect, e o g o, to 
have a 5000 cubic yard demand next montho11 
Although a demand cannot be predicted exactly, fore-
2Magee, John F o Pro.duction Planning and Inventory 
Control (New York, 1958), Po 1050 
4 
5 
casting can be a very useful toolo Demand estimates can be 
reasonably close to actual demands; these estimated demands 
can be helpful in several areaso To mention a few of these 
areas : 
lo Forecasts aid in controlling inventory levels -
a knowledge of what demand to expect even though 
it may not be exact allows a company to be able 
to set optimum inventory levels which are re-
quired to give satisfactory customer service in 
an uncertain future. These optimum levels are 
established against the criteria of minimizing 
the expected cost in a probabilistic sense of 
shortages and overageso 
2o Forecasts aid in sales analysis - useful infor-
mation can be obtained as to what specific types 
of a product to carry or in what areas to con-
centrate sales efforto In the concrete indus-
try, this could include city growth and con-
tracts to be awardedo 
3o Forecasting aids in determining the need for 
possible future expansions of facilities - in 
some cases it may be necessary to expand plant 
capacity or build new plants in order to meet 
increased customer demands. Such decisions have 
to be made in advance of the actual demand. 
4 o Forecasting can aid a company in determining 
its financi~l policieso What revenue can a 
firm expect? During winter months, sales may 
be very low and policies may have to be adopt-
ed to carry the company through this period of 
timeo 
5o Forecasting aids in determining personnel 
policies - the scheduling or addition of em-
ployees is sometimes troublesome, but with a 
reasonable estimate of the demand, it is pos-
sible to plan ahead o Stabilizing the work 
force is a good means of improving employee 
morale and increasing organizational loyaltyo 
6 
Thus , it can be seen that forecasting can aid many depart-
ments in the companyo No organization can exist for any 
length of time without an estimate of what demand it must 
meet in order to operate successfully for many profitable 
yearso 
There are several principle steps in making a forecasto 
First, the company must have records available of past 
sales so that trends may be studiedo Secondly, a company 
should estimate its share of the market and should have an 
estimate of the potential of the total market o This per-
centage can be applied to estimated sales in the companyas 
locality and a demand figure can, be arrived at very easilyo 
The percentage of market sales should be considered as only 
one of the factors in setting demand requirements o Third-
ly, and probably one of the most useful factors, is to cor-
relate the company 0 s sales to some external or national 
7 
statistico These indicators are very useful in the pre-
diction of trends. Finally~ the demand figures obtained 
from a forecast should be interpreted in light of the cur-
rent business conditionso The forecast must be a reason-
able one and not divorced from realityo 
The techniques discussed in the remaining part of 
this chapter are by no means the only methods used infore-
castingo The purpose is to familiarize the manager with 
some methods which are easy to apply and will aid in devel-
oping some system of forecastingo 
Techniques of Forecasting 
The objective of a business forecast is to aid the 
plant manager in estimating a reasonable demand for a given 
future time periodo The important mathematical tool used 
in analyzing trend data is statistics. Along with statis-
tical analyses, three questions should be asked when ana-
lyzing time serieso First~ what factors caused business to 
develop as it did in the past? Second 9 what are the im-
portant factors now? Third~ how are the present factors 
related to the future? By the use of statistical methods 9 
it is possible to isolate several factors which can aid us 
in planning for the futureo 
In order to study a time series~ it is first neces-
sary to graph the sales data available as shown in Figure 
l o The reliability of the forecast is increased if there 
are from ten to twenty years data available 9 although 9 in 
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r-i 
most cases, companies do not keep more than five years 
datao 
9 
The time series shows that three well defined movements 
may be distinguished in the datao The fourth, which is er-
ratic or random variation, is more difficult to detecto 
The movements, or factors distinguishable, are: 
lo Basic trend 
2o Seasonal variation 
3o Business cycle 
These factors are important to our analysis because they 
aid us to explain the past and play an important role in 
predicting the futureo 
The Basic Trend 
Even though the data displayed in Figure 1 fluctuates 
very badly, a closer examination would show a definite in-
creasing trend which represents company growtho It must be 
remembered when attempting to fit a trend that the data 
could represent a random process, io eG, a definite move-
ment , up or down with no systematic factors operating on the 
datao From the statistical viewpoint, random data is from 
the same universe or population while non-random data is 
assumed to come from different populationso If the above 
is true, then we have two alternatives: 
lo A trend should be fitted if the series shows 
the presence of systematic factorso 
2o No trend should be fitted if the time se-
10 
ries is a random processo 
Tests made on the sales data included the "Multiple Run 
Test 00.,the'0 Non-ParametricTest 91 and "Run Test "o It was 
found that the sales data was from a non-random process and 
the factor~ present were those mentioned aboveo When sys-
tematic factors are present in the data, it is possible to 
isolate a trendo 
Seasonal Variation 
The data also reveals fluctuations due to seasonalef-
fectso Winter and Spring months usually show the effects 
of weather conditions on concrete pourso Knowledge of the 
seasonal pattern can be very informative and helpful when 
considering the demands on the plant facilitieso Summer 
and Fall months 0 usage rates are much higher relative to 
the other seasons of the yearo 
Business Cycles 
Time series usually show tendencies for business to 
move in never ending sequenceso For example, business cy-
cles have a tendency to prosper, decline, stagnate, recover 
and then prosper againo The business cycle is distinguish~ 
able from seasonal variation in that it does not occur at 
regular time intervals during any yearo 
Erratic (Random) Movements 
I 
Probably., one of the hardest factors to isolate is the 
11 
erratic movements. These factors are usually the result of 
such unpredictable occurrences as droughts, floods, wars, 
etco In some cases, they are not distinguishable from 
business cycleso 
Once these factors are isolated, it is possible toe-
liminate them from the datao 
The method used in this analysis is the removal of 
trend and seasonal variationo Working with unadjusted, or 
raw data, is very difficult if not impossible in this caseo 
, Elimination of Trend 
The method used in this thesis for time series analy-
sis is the linear approximationo Higher degree curves re-
quire many hours of calculation and the evaluation of five, 
fourth order determinates for the third degree case. The 
use of the polynomial equations of higher degree than two 
or three is not recommended because of the difficulty; and 
time required is out of proportion to the expected return. 
The end result of extrapolating the trend equation is still 
only an estimate of the demando For only five years data, 
. 
these higher degree polynomials would not be as accurate as 
if ten to twenty years of sales data had been usedo 
The linear trend approximation shown in Figure 2 is 
not only a measure of company growth, but it can also be 
used to forecast demands. This linear functi,on is found 
by the method of least squares and its common notation is: 
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where ~ 
,.. 
Y is the calculated or trend value 
bis the slope of the regression line 
c is the intercept of the Y ordinate at x = 0 
xis the independent variable which can be days, 
months , years, quarters, etco 
The application of this equation is mechanical and the 
method of calculating the trend line is demonstrated in 
Table I and the graph of Figure 3o 
13 
Once the trend has been established in a time series, 
it can be removed in two wayso The first method of adjust-
ing for trend influence is to express the actual sales data 
as per cent of corresponding trend. That is, divide the 
actual sales figure of a given date by corresponding trend 
value o 
The second method of eliminating the trend effect is 
to subtract the trend value from the corresponding monthly 
sales data. The result of this operation leaves the data 
in cubic yards of concrete which will deviate about a zero 
base lineo 
Elimination of Seasonal Variation 
Another factor which can be removed from the sales 
data is the seasonal variationo The seasonal effect a-
long w;i. th ·the trend value may be expressed in "normal" 
years as shown in Figure 4o 00 Normal 00 is the trend with usual 
seasonal variationo The deviations from the 00 normal II a.re 
Yearly 
1955 
1956 
1957 
1958 
1959 
TABLE I 
EXAMPLE OF TREND LINE CALCULATION 
(IN THOUSANDS OF CUBIC YARDS) 
- . ..'.lo.-~ -
Sales X X2 
200 -2 4 
210 -1 1 
208 0 0 
218 1 1 
225 2 4 
1061 10 
1:Y 1061 b = ll = ~ = 21202 CUo ydso 
EX Y ~ 
a = Ex2 = Io = 5 o 8 
A 
Y = ax + b = 5 o 8 X + 212 o 2 
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XY 
-400 
-210 
0 
218 
450 
58 
15 
""" ti) 
rd 
~ 
l>-t 
() 
-ri 
tll ,g 
Q) 0 
r-1 (lj ~ 
CJl 0 
·j 
- - . .. .. ~ 
CJl 
rd § 
ti) 
~ 
0 
,q 
8 
"-" 
-2 -1 0 1 2 3 
Figure 3. Graphic Representation of Trend Line 
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business cycles and random movementso These normal values 
may be arrived at by finding the product of the proper 
seasonal and trend valueo 
In cases where it is desired to seasonally adjust data, 
not considering trend, the actual sales data is divided by 
the seasonal index. The result of this operation is a 
smoothing effect which eliminates the dips and high points 
in a time series o The seasonal i ndices for the sales fig-
ures i n Figure 1 (page 8) are ~ 
Month Seasonal Index 
January 65o0 
February 88.6 
March 102 a9 
April 114 00 
May 9606 
June 10606 
July 11909 
August 12308 
September 98ol 
October 110 .. 4 
November 95o2 
December 7808 
The seasonal index can be computed in a number of ways. 
The indices above were calculated on a twelve month moving 
average which is probably one of the most accurate ways of 
calculating the seasonal indexo 
18 
One point which should be emphasized is that it is 
possible to remove the trend and seasonal in any ordero 
Table II shows the method for removing the trend and sea-
sonal variationo The residues are the business cycle and 
random movemento 
Cyclic and Random Movements 
The graph of Figure 5 shows the deviations from "nor-
mal 09 which are the result of cyclic and random movementso 
The author assumes that the random movements will eliminate 
themselves over a long period of years o The cyclic move-
ment could be very useful in forecasting. In order to es-
tablish a reliable business cycle, at least twenty years 
data is requiredo This sample of five years is not large 
enough to draw a valid inference as to the period or length 
of the cycleo It should be noted that the use of business 
cy9les is a means of prediction, but limited in most cases 
because of the limited data which is availableo 
The Business Forecast 
The batch plant manager should realize when he is 
starting a business forecast that the objective is not to 
determine the curve of best fit which might tell you what 
will happen in the next few months, but it is to make anal-
yses using statistical methods, which will enable an exec-
utive to take advantage of future conditions better thanhe 
Year and Month 
1955 Jano 
Febo 
Mar. 
.Apr. 
May 
Jmie 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
1926 Jan. 
TABLE II 
ELIMINATION OF TREND AND SEASONAL VARIATION (ADJUSTED FIGURES) 
Actual 
Sales 
A 
Trend 
Value 
B 
Seasonal 
Index 
(Per cent) 
C 
"Norma.I" 
(Bx C) 
D 
Deviation 
From 
''Normal" 
(A - C) 
E 
Deviation 
Squared 
F 
14,735 24,346 65.0 12,325 2,410 5,808,100 
18,898 24,487 88.6 20,555 - 1,657 2,745,649 
36,694 24,629 102.9 25,633 11,061 122,345,721 
41,916 24,770 114.0 , 29,638 12,278 150,749,284 
17,897 24,912 96.6 Z3,725 - 5,828 33,965,584 
41,688 25,054 106.6 27,368 14,322 205,119,684 
37,774 25,195 119.9 32,199 5,575 31,080,625 
40,487 25,337 123.8 33,747 6,740 45,4Z7,600 
29,516 25,478 98.1 24,804 4,712 22,202,944 
29,227 25,620 110.4 29,324 - 97 9,409 
20,886 25,761 95.2 24,044 - 3,158 9,972,964 
19,997 25,903 78.8 18,292 1,705 2,907,025 
159572 269044 65.0 13,429 2$143 4$592$449 
1 Ed2 Where : a = N- K - 1 
""' 
. 4. 2193 X 109 
61 - 2 . . = 7697 cubic yards 
Note: Data is shown for one" year· ··only. 
Sigma 
Distances 
(E +a) 
G 
+0.31 
-0.21 
+1.44 
+1.59 
-0.75 
+l.86 
+0.72 
+0.88 
+0.61 
-0.01 
-0.41 
+0.22 
+0.28 
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could do without the aid of a forecasto3 Besides the fac-
tors mentioned previously, others must be considered and 
evaluated before the final demand figure is reached. Con-
sideration should be given to economic conditions, busi-
ness activity, weather, and building activityo 
Weather is a factor which must be given serious con-
sideration before forecasts are accepted. In some in-
stances, rain and continued cold weather may cause con-
crete usage to fall far below that which was anticipatedo 
As soon as weather conditions improve, concrete sales in-
creaseo The fact that weather may cause customers to delay 
concrete pours on jobs, places an extra burden upon the 
managero This requires that the inventories must be ready 
to absorb the fluctuation due to increased saleso 
Weather forecasts can usually be obtained on an ex-
tended basis predicting for a month in advance. If weath-
er is not considered when making a business forecast, the 
predicted demand figure may not be a true representation 
for the desired time period causing loss of time and money 
due to the fact that this factor was not taken into consid-
erationo 
Trend Extrapolation 
From the trend equation, it is possible to extend the 
regression line to the next time periodo The dotted line 
3Frisbee, Jo Ro and Io No Rigglemano Business Statis-
tics (New York, 1938), P o 3600 
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in Figure 3 (page 15), shows the trend line extended using 
a yearly forecasto The trend value is calculated in the 
following manner: 
A 
Y =ax+ b = 508 (3) + 212.2 = 229.6 cubic yards 
The yearly value may be broken down into monthly values 
using the following method : 
Monthly average Yearly Forecast = 229.6 = = 
12 12 
cubic yardso 
Expected monthly= Monthly average x Seasonal index 
usageo 
Table III is an example of how this method is usedo 
Extrapolation done on the monthly basis is accomplish-
ed in the same manner o First , finding the trend value and 
then multiplying by the appropriate index will give the de-
mand forecast for the next succeeding montho 
The tendency for predicting by extrapolation is to 
project too far into the futureo Values calculated must be 
interpreted along with other factors before a final figure 
is reached o 
Forecasting in Terms of Standard Deviations 
Table II (page 19) shows in Column G the standard de-
viations from 11normal00o It is possible to correlate the com-
pany's sales data with some other time serieso For example, 
Month 
A 
January 
Feibruary 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
TABLE III 
ESTIMATED MONTHLY DEMANDS 
USING EXTRAPOLATED 
YEARLY TREND . 
Seasonal . Thousands of Cubic Yards 
23 
Index Estimated Predicted Demand 
Mean Usage 
B C 
. 
65o0 19013 
8806 l9ol3 
102,,9 19013 
11400 l9ol3 
9606 l9ol3 
10606 l9ol3 
11909 19ol3 
12308 19ol3 
98ol 19013 
11004 19ol3 
95o2 l9ol3 
2808 l~ol~ 
22:?2° 6 = 19013 thousand cubic yards 
month 
(Bx C) 
D 
12043 
16095 
19.68 
21081 
18048 
20039 
22094 
23068 
18077 
21012 
18021 
1!2o02 
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it is possible that there is a high correlation between 
construction activity and concrete sales. The basis for 
comparing the two time series is to eliminate the assign-
able factors from each series and express both in terms of 
their standard deviation from 00 normal 00 so that a fixed ra-
tio can be determined between the two serieso Then, if an 
increase of six per cent is expected in construction activ-
ity and one standard deviation of concrete sales was equal 
to twelve per cent of construction activity~ an increase of 
one- half a standard deviation in concrete sales would be 
expectedo It should be emphasized once more that a corre-
lation of around 0.90 should exist between the time series 
before such a forecasting method should be usedo 
Multiple Regression 
Another means of forecasting is the use of economic 
indicators which also require that a relationship between 
the indicators and company sales existo Some companies 
have found that they have been able to correlate their 
sales with some economic indicator such as Gross National 
Product~ National Cement Shipment~ New Construction activ-
ity or Housing starts. The economic indicators · t11l'ft'i(w~re 
tried with the Dolese sales data could not be used in sales 
forecastingo The reason for this was due to the fact that 
concrete batch sales respond more to local conditions and 
relationship should be checked on a local levelo The high-
est correlation that was obtained was Oo78 with cement 
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shipments into Oklahomao 
To be effective in sales prediction, it is advanta-
geous to choose an indicator from which the future sales 
can be predictedo That is, find the indicators with which 
the company sales are highly correlated, but where there is 
a sufficient lag to f~recast the futureo These indicators 
are called leading indicatorso 
CHAPTER III 
INVENTORY LEVELS 
Arriving at the optimum level between too much and too 
little stock in inventory is a difficult tasko In cases 
where stocks are an important part of a productionprocess j 
there is a tendency to let stocks expand beyond economic 
limits o On the other hand ~ a shortage of inventories may 
result in costs brought about by customer dissatisfaction 
and/or some expensive turnover i and handlingo This chapter 
deals with techniques which may be used to determine the 
optimum inventories to maintain when °0uncertainty of de-
mand 00 is a significant factor o 
Stone inventories play a vital role in the operation 
of a concrete batch plant o They serve many purposes in the 
organization ~ some of which are often overlooked o To men-
tion a few : 
l o Stone inventories kept in stock act as a 
cushion against unexpected and seasonal 
saleso 
2o Inventories may be used to help take ad-
vantage of price changes so that when dis-
counts or notice of price increases are 
are given~ the level may be adjusted ac-
26 
cordingly o 
3o I nventories reduce the risk of run- out which 
is costly to the organizationo 
4o Ordering larger quantities may result in 
quantity discounts and reduce costs associ-
ated with placing orders o 
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Due to the uncertainty involved in establishing proper in-
ventory levels and from the above discussion~ one may jump 
to the conclusion that inventories should be kept high e-
nough so that no possibility of run-out exists o There are 
several disadvantages to carrying excessive inventories j 
some of which are as follows ~ 
l o The overages (amount greater than is needed 
to protect against run-out) represents in-
vested capital which could possibly be used 
to greater advantage in some other areas of 
the organizationo The optimum level may be 
determined and maintained by a well defined 
inventory control program o 
2 o Stone aggregates require large storage areas 
which are expensive in themselveso 
3o Tax assessments on large inventories may be 
significant and it may be desirable to car-
ry smaller amounts of inventory during the 
assessment periodo 
It is therefore necessary to exercise close control over 
the stone aggregate so that the associated costs are held 
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to a minimum and the inventories held at a level which will 
guarantee satisfactory customer service o 
In the above discussion on the purpose of inventories, 
it was noted that the level of stock is important due to 
the amount of capital which is invested in ito The plant 
manager should try to strike a balance between increased 
cost and declining return from increased inventorieso When 
conditions exist such that the replenishment order arrives 
just as the stock on hand is depleted 1 it may be stated 
that inventories are at an ideal levelo In most casesj the 
condition of being able to accurately predict consumption 
is impossible and safety allowances are required to protect 
the system against the unexpected'j thus requiring a depar-
ture from this ideal systemo The uncertainty of demandre-
quires that we design a system which will be flexible and 
absorb the fluctuations of demand from time period to time 
periodo 
Inventory stock levels will vary from period to period 
because the demands on the system are not constanto Inac= 
tual practicej management may feel that it is necessary to 
keep inventories as high as possible regardless of cost. 
Howeverj the methods discussed in this thesis allow inven-
tory level to fluctuate with the customer demand forecasto 
The total inventory in a system is the sum of the in-
ventory on handj plus on ordero Setting inventory levels 
may be a very difficult task and in instances where rec-
ords are not available ~ the tendency may be to overstocko 
Inventory levels may be arrived at by selecting some 
type of a reorder rule which depends on three conditions 9 
namely : 
lo A demand forecast 
2 o The lead time 
3o The distribution of demand- forecast errors 
Included in the requirements are conditions which are man~ 
agement controlled such as the length of the review period 
and the allowable risk of run-out o 
There are two basic types of reorder systems which 
will handle uncertainty conditions : The two bin system 
where the order size is fixed j but the order interval is 
dependent on consumer demand and the fixed cycle j in which 
the inventory is reviewed at certain fixed time intervals 
and orders placed to return the inventory to a predeter-
mined le.vel o 
The Distribution of Demand- Forecast Error 
Throughout the remaining part of this chapter, use 
will be made of~ which is the standard deviation of the 
distribution of demand-forecast errors o The standard de-
viation of this distribution is calculated from the dif-
ference between the forecast .and actual demand over a giv-
en time period o These deviations were assumed to come from 
a normally distributed universe , but the actual sample dis-, 
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tribution j using Dolese sales data j was slightly skewed to 
the right o The author made the hypothesis that there was 
no difference between the obtained distribution and a nor-
mal distributiono To check this hypothesis, a ' 0Test of 
Normality 00 was run checking the distribution for the non-
normal characteristics of skewness and kurtosis o The re-
sults of the test did not reject the hypothesis that the 
variance of the demand~forecast errors was normally dis-
tributed o 
Safety Stock 
The common factor to any reorder rule chosen is safety 
stock which is required to protect the system against unex-
pected fluctuations in demand o In order to determine the 
amount of safety stock to carry j it is necessary to know 
the vari ance of the distribution of daily demand-forecast 
errorso Once this variance is knownj the next step is to 
determine the risk of run-outo This factor depends on the 
level of protection desired . For example j if the risk of 
run- out is allowed to one chance in one hundred j or a one 
per cent chance of run- outj then the factor associated with 
this level of risk is 2o33 o The notation for the risk fac-
tor is usually designated by 0°K 00 and is found using the 
normal distribution tables o This is the distance from the 
mean expressed in sigma distances and approximatelyninety-
nine per cent of theareaunder a normal curve lies below 
the point 2o33o For the author 0 s purposesj this means that 
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in the long run, it may be expected that customer orders 
can be filled ninety-nine per cent of the timeo Another 
way to make the preceding statement is to say that the 
probability of a daily demand exceeding the average by2o33 
times the standard deviation of the daily demand-forecast 
error is one per centa 
The _safety stock is the product of the standard devia-
tion of the distribution of daily demand-forecast error, 
the risk factor and the length of the review period plus 
lead time; 
safety stock= 
K ,S- . 
_D_· • (t + y) = 
1t+'Y 
where: 
t = length of the review period 
'Y = length of the lead time 
In cases where it is impossible to determine lci'D,it is 
necessary to take a different approach in setting safety 
stock levelso By using this method, the risk of run-out is 
very, very smallo The procedure is as follows: 
lo Determine the standard deviation of the actual 
daily demand for each month. The standard de-
viation may be found using the following for-
mula: 
where: 
E (X - X)2 i 
n - 1 
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OD = standard deviation of actual orders 
xi = the actual daily orders 
x = the mean of the actual daily orders 
n = the number of working days in the month 
Table IV shows the calculation of aD for a given 
montho 
2o Next 9 determine the risk factoro If it is de-
cided that 97 072 per cent of the time an order 
should be able to be filled ~ then from the nor-
mal tablej K would equal 2o00o Knowing the 
length of the review period plus lead time, the 
level of safety stock may be found o The mathe-
matical notation for this condition is: 
Safety Stock= Kan (t +y) 
. 
The following example demonstrates the use of the a-
bove equationo It is assumed that dD is given in cubic 
yards of concrete and a conversion factor of Oo91 was used 
to change cubic yards of concrete to tons of aggregate o 
This factor w~s determined by assuming that on the average, 
1820 lbs o of aggregate are used per cubic yard of concrete 
pouredo In the example 9 let : 
aD = 200 cubic yards of concrete 
(t +y) = 9 days 
K = 2o00 
Safety stock - KaD (t +'j)o9l = 3276 tons 
TABLE .IV 
ILLUSfRATIO! IHOWING CAIDULAfION OF S!ANDARD DEVIATION 
OF DAILY CONCRETE USAGt 
l'Iontll 
and 
Day 
Oct. 1 
2 
5 
-6 
? 
8 
9 
12 
13 
14 
15 
16 
19 
20 
21 
22 
23 
26 
27 
28 
29 
" = 
" . 
Actual 
Orders · 
(Cubic Yds-) 
X 
10.25 
75·.o 
173·.5 
153'-5 
246·.75 
446.0 
285·.75 
1,182·.75 
65?".0 
1,302·.o 
816075 
999·.75 
789.25 
900:.0 
637·.5 
275.25 
397.0 
155.0 
229.25 
207.5 
213.0 
Ex= 10,152.75 
n - 1 
105·.06 
59625·000 
30,102·.25 
23,562·.25 
60,885·.56 
198,916'.00 
a1,653·.oo 
1,398,897'.56 
431,649·.oo 
1,695,204'.00 
667 ,oao·.56 
999 , 500·. 06 
622,915·.56 
a10,ooo· .. oo 
406 ,406·.25 
75,?62'.56 
157,609.00 
24,025·.oo 
52,555·.56 
43,056·.25 
45,369.00 
I:x2 = 7,830,879.54 
2,922,387.52 
20 ,. 38:2. 26 cubic yards 
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The probability of run-out under this condition: 
9 9 -15 p = (1 - 0.9772) = (000228) = 1066 X 10 
When selecting the standard deviation of actual sales 
to use in determining the safety allowance, it should be 
remembered that this method is only an approximation which 
became necessary because the daily demand-forecast distri-
bution was not knowno This method should suffice until 
management can determine the actual distribution of demand-
forecast error o The highest value of oD may be used be-
cause it is the best known protection calculated from re= 
cent data to protect against the worst conditions which 
might occur in the futureo However, due to the uncertain-
ty involved in such a problem, the safety stocks will be 
higher o Thomas Mo Whittin , in his book on °0The Theory of 
Inventory Management 0°, points out that safety allowances 
should be larger (1) the higher the costs of depletion; 
(2) the lower the carrying charges; (3) the greater the un-
predictable variations in demand; and (4) the longer the 
lead timeo 
Table V shows the effect of the risk ,fact,or on the 
safety stock and the. probability--oi'.: . ..,.~un-out associated 
with each levelo 
Reorder Rules 
Fixed Order System 
The fixed order system is one where a fixed quantity 
is ordered when the inventory level reaches a predetermi.ned 
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TABLE V 
LEVELS OF SAFETY STOCK FOR GIVEN K VALUE 
~ 
Probability of Safety Probability Run-out Over 
Run-out K 
per day Stock Lead Time and Review Period 
OoOl 2033. 4660 1 X 10-l8 
, . 
0.,0228 2o00 4000 1066 X 10-15 
,,, -...... ,.. .. 
Oo05 1 .. 65 3300 lo95 X 10-l2 
OolO lo28 2560 1 X 10-9 
minimum quantityo An example of this type of system is 
commonly referred to as the (S,E) rule which operates in 
the following manner: 4 
lo Two inventory levels are chosen where S) s. 
2o When inventories are reviewed and the actual 
inventory is between Sand Et no order is 
placedo 
3o When the inventory level falls below E, a 
standard order quantity is placed restor-
ing the level of inventories to So 
The reorder quantity which is placed when the inventory 
levels fall below the lower inventory levels is usually 
found by the optimum order equation: 
where: 
q = 1·2~s 
q = average order quantity 
A= cost of placing an order 
S = usage rate for a given time period 
i = cost of holding one ton of aggregate 
over the same time period 
The mathematical model for the (S,E) rule is: 
S = J2As + E - d V 
i 2 
where: 
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4 Arrow, Ko, To Harris, and Jo l"larschako "Optimal In-
ventory Policy", Econometrica, Volo 19, July, 1951, PPo 250-
2720 
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s = maximum inventory level 
s = reorder level 
V = length of the review period 
dV expected usage during the review period 2 = 
The fixed order system serves well where inventory 
records are not kept and continuous monitoring of inven-
tory is possibleo The tendency is to loosen control over 
inventories o This method also serves best where low val= 
ued stock may be purchased in large quantities and the 
stock plays a minor role in the plant production outputo 
The Fixed Cycle System 
The fixed cycle system is one where the review period 
is fixed and orders placed at regular intervals to cover 
the usage for the next time periodo This system works well 
where tighter~ more frequent control is required over the 
inventories and a number of different types of aggregates 
may be ordered at one timeo Fixed cycle is better where 
the cost of carrying inventories is very lowo 
Fixed Cycle - Fixed Order Point System 
Many inventory control programs use combinations of 
the two basic systemso When applying a reorder rule to a 
given problemi it is necessary that it be tailored to fit 
the given conditions. The ordering rule which is devel-
oped in this thesis is a combination of the two basic sys-
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temsin which the review period and the reorder level have 
been fixedo It operates in the following manner: At the time 
the inventory is reviewed~ an order quantity is placed to 
cover the expected demand for the next review period plus 
the difference between the actual and reorder inventory 
levelso The assumption was made that the lead time is 
fixedo 
The mathematical model which describes the reorder 
rulJ may be stated in the following way : 
pi = u(i + l) + pi 
Qi u(i + 6i = 1) = + 
where: 
u(i + 1) • x( i + 1) t 
:-, for r - p) 0 
6 = oj for r = p 
+ , for r - p < 0 
Pi= the target inventory which includes the in~ 
ventory on hand plus on order 
pi= the reorder level which is equal to the ex-
pected or average demand over the lead time 
plus safety stocko 
Ui+l = the estimated usage for the next time period 
61 = the difference between the actual and reorder 
inventory levels at time of review 
r = the actual inventory on hand at the time of 
review 
Qi= the replenishment order placed to satisfy 
customer demand for the next time period 
-x = the average demand per day· 
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The objective of the reorder rule is to have reason-
able control over the aggregate inventories which are so 
vital to the batch plants 0 concrete output o The following 
example along with Table VI and the graph in Figure 6 will 
help to explain the use of the modelo 
The following assumptions are made ~ (1) The leadtime 
is four days 9 (2) the review period is five days 9 (3) the 
standard deviation of actual daily sales is 200 tons of 
aggregate 9 (4) the number of working days is twenty days 
for each example month9 (5) the expected demand for the 
first month is 6000 tons 9 (6) for the second month~ the ex-
pected demand is 4000 tons 9 (?) the risk factor is equal to 
A la28 at a probability of run-out of Ool0 9 (8) dM is equal 
to 76 tonso 
= 6000 • 300 tons/ day 20 
p1 = x1 Y+' Kon(t +y) + K~M(t +y) = 3548 tons 
20 
where~ 
KoD (t +}') + KoM (t +'() is (equal) the safety stock 
20"' 
The first term is that portion required to offset 
TABLE VI 
INVENTORY RECORD 
llonth · and pi X Actual 
Period* Target Estimated Received 
Inventory Mean Usage Daily Usage 
A B C D E 
1 5048 300 308 -
.300 384 
300 466 
300 200 
i( 300 391 1500 
2 5048 300 400 
300 332 
300 440 
r-1 300 .50 
~ I 300 246 1841 
~ 3 5048 300 290 300 400 
300 560 
300 800 
I 300 775 1358 
4 4548 300 2.37 
300 456 
' 
300 257 
300 50 
J( 300 250 2Zl2 
5 4148 200 540 
200 397 
200 145 
N 200 84 
,,.. I 200 299 1153 
~ 6 4148 - 200 123 
!i 200 247 
200 446 
200 305 
I 200 269 1048 
7 4.1.48 200 68 
iOne period is equivalent to five days. 
r . p t:,. 
Actua.L In- Reorder 
ventory Point 
F G H 
3548 3548 0 
3164 
2698 
2498 
3607 
3207 3548 341 
2875 
2435 
2385 
3980 
3690 3548 142 
3290 
::!130 
1930 
2513 
2276 3548 1Z72 
1820 
1563 
1513 
35.35 
2995 3148 153 
2598 
2453 
2369 
.322.3 
3100 3l.4B 48 
2853 
2407 
2102 
2881 
ZB.31 311i8 317 
Q 
Reorder 
Quantity 
I 
1500 
1841 
1358 
2272 
115.3 
J.048 
1317 
Inventory 
On Hand Plus 
on Order 
J 
5048 
4664 
4198 
3998 
3607 
5048 
47l.6 
4276 
4226 
3980 
5048 
4648 
4088 
3288 
2513 
4548 
4092 
3835 
3785 
.35.35 
4148 
3751 
3606 
3522 
3223 
4.1.48 
3901 
3455 
3150 
2881 
4148 
.p 
0 
5500 
5000 
4500 
4000 
(I) 
+> 
aS 3500 bO (I) 
I'.-! 
bO 
bO 3000 <ll 
f+.-i 
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variations due to daily sales and the second term 
is the portion of the safety stock required to 
absorb the variations due to inability to accurat-
ely predict the daily mean usageo 
P1 = x1t + p1 = 5048 tons 
= t + + Q1 = x2 = 6 1 = 1500 = 6 tons 
The calculation for the second month is made in the 
same manner and the results are shown in Table VI~ 
(page 40)~ which operates in the following way~ 
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lo The target inventory is calculated and en= 
tered at the beginning of each review peri-
Odo 
2o The average daily demand is calculated using 
the total number of working days during the 
month and entered in column (C)o 
3o Column ( D) represents the actual daily us= 
age which is entered at the close of each 
day 9 giving management a chance to keep a 
running account of their inventorieso 
4o Column (E) represents inventories receivedo 
5 o Column (F) is used in conjunction with the 
actual daily usage and represents the actual 
level of the inventories on hando 
60 Column (G) shows the reorder levels which 
are subtracted from Column (F) at the time 
of review to get 60 
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7 o Column (H) is ~ o 
8 0 Column (I) is the replenishment order quanticy 
for the next review period and arrives four 
days after an order is placedo Delivery days 
are starredo 
9 o Column (J) represents the actual inventory on 
hand plus on order in the systemo 
The graph of Figure 6 (page 41) shows the inventory 
fluctuations and it should be emphasized once again that 
these variations are due to the uncertainty inherent in the 
problem and the inability to 00 pin point 00 demandso 
The Lead Time and Review Period 
Up to this point j no mention has been given to the de= 
termination of the lead time and review periodo The lead 
time is usually determined at the aggregate source and de-
pends on the facilities ( railroad) t he plant manager has 
at his disposal o In cases where the lead time varies j it 
is necessary to determine the standard deviation of the 
distribution of lead times so that a safety allowance can 
be made for the varying delivery t imes o 
The length of the review period is usually determined 
by the plant manager and is dependent on t he storage capa= 
city available at the batch plant site o As the length of 
the review period becomes longer j t he amount of safety 
stock i ncreases which l eaves the remaini ng portion to act 
as working stock and increases the amount of inventory on 
I 
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hand plus on order o The length of the review period is 
actually an ec onomic decision which involves t he balancing 
of certain costs due to carrying inventories i placing of 
replenishment orders and costs associated with the risk of 
run=OUto 
Total Variable Operating Cost 
Once a reorder rule has been established ~ it is pos= 
sible to find the expected cost per time period o The total 
variable cost involves~ 
l o Replenishment cost = Cpst incurred when an 
order is placed. This value will be desig= 
nated by C0 o 
2 o Cost of carrying inventory - The cost of 
carrying the inventories and is designated 
by C1 o 
3 o Cost of depletion = Cost t hat occurs when 
customer orders c annot be filled due to 
run=out o This value is designated by CD 
and often times a value that can only be 
arrived at through a management decision 
involving the risk of run=out that they 
are willing to accepto 
The expression for the total variable cost is ~ 
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where ~ 
P = probability of run- out 
~ = average order quantity 
SoSo = safety stock 
The ToVoCo per period is not constant because the order 
quantity and safety stock may vary from period to periodo 
It should be pointed out that the cost of the stone is not 
included in the equation because under any reorder rule 
which may be chosen ~ the object is to select the rule that 
will cost less t o use in the long run o The cost of the 
aggregates are a fixed cost and will not vary with the re= 
order rule adopted o 
CHAPTER IV 
CONTROL OF FORECASTS AND INVENTORY LEVELS 
An inventory control program is a responsibility of 
management . It requires that the objectives of the pro-
gram be defined so that policiea may be adopted which will 
provi de maximum control at minimum cost . The objectives of 
any organization may include the following ~ 
1 . To maintain optimum inventory levels which 
will satisfy customer demands . 
2 o To reveal any excess ive accumulation or 
shortages of inventories . 
3. To maintain records so that periodic review 
is possibleo 
Once these objectives are formulated, a control system may 
be designed to establish inventory levels that will meet 
forecasted demand and methods adopted to adjust operating 
levels by replenishment orders to take account of the ac -
tual demand as it materializes o The actual control may be 
accomplished by maintaining adequate records and selecting 
a reordering system which will assist management in making 
decisions pertaining to inventory policieso 
46 
47 
Development of Controls and Procedures 
Management controls are necessary in guiding an organ-
tzation towards its objectiveso Several measures must be 
taken to insure a successful control programo Records must 
be kept which will log materials as they are received and 
signal any over and under stocked condition which may arise 
in relation to the present or projected demands. Records 
must reflect information that will insure that the invest-
ment in inventories is at a minimum level consistent with 
the sales demands and the operating requirements of the 
batch plant facilities. Frequent reviews of stores are 
necessary to test the validity of the records and periodic 
checks made on the forecasting technique to be certain sat-
isfactory results are being obtained from the forecast. 
The procedures which management develop should be 
aimed at reaching the objectives. The process includes 
setting up procedures for all inventory 9 issuing requisi-
tions for all orders, coordinating sales and production 
needs. Once the policies and procedures are established 9 
management must be sure the inventory control program is 
operating according to plano 
Controlling the Forecast 
The importance of the demand forecast cannot be over 
emphasized. The method of forecasting used in the second 
chapter may also be used as a means of control. By ex-
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pressing the deviations from the II normal 00 in sigma dis-
tances (a measure of statistical dispersion), we may adopt 
the use of the quality control charto The application of 
a control chart provides the manager with a method of 
0'watching 01 the forecasting process in operationo Interest 
is based primarily on the stability of the forecast so that 
any significant difference between actual and forecasted 
demand will be quickly noticed and remedial action taken to 
adjust the forecasto 
The control limits are used in the following fashion 
and data which .fai11 either above or below 01 normal 10 are treat-
ed as followso If seven consecutive months fall above 
11 normal 0' an assignable cause is probably operating o If one 
point falls above the two sigma limit, no action is taken, 
but if two consecutive months fall above the two sigma lim-
its, an inquiry should be made to find an assignablecauseo 
When one month falls above the three sigma limit, an as-
signable cause is operating and a thorough investigation 
should be made in the forecasting method so that any ir-
regularities may be correctedo A more complete discussion 
of runs and run test is presented in most Quality Control 
texts o 
The control chart also aids management in detecting a 
change of trendo When points form a definite pattern up 
or down and continue towards one of the outer control lim-
its, there may have been a change in trendo Under such 
circumstances, it might be advisable to recalculate the 
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trend equation from the existing data to see whether or not 
it agrees with the original equationo If there is a sig-
nificant difference'l the new trend should be adopted and a 
new control chart constructed for the revised forecasting 
procedureo 
The control chart in Figure 7 shows signs of being 
00 out of control 00 'l that is runs of as many as seven months 
above or below 00 normal 00 0 The runs are the result of as= 
signable causes operating in the system due to the busi-
ness cycle and random variationso These factors could not 
be removed from the data because there was not enough in= 
formation available to isolate them o 
The process being 00 in control 00 or 00 out of control 00 is 
a condition which is defined by management o In the above 
situation where the business cycle seems to have an affect 
on the system 9 runs above and below normal will tend to 
fall into a pattern resembling the apparent business cycleo 
Controlling Inventories 
A method of control is built into the reorder system 
which was developed in the third chapter o The Table VI and 
graph of Figure 6 aid management to establish proper inven-
tory levels and decisions concerning them are based on 
fact o The levels may be carefully noted and adjusted for 
any predicted change in demand o 
A poi nt which must be remembered is that an accumula-
tion or lack of inventories may be c ostly and levels never 
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become fixed or automatico Records are only an aidj aman-
ager must keep analyzing and looking for danger signals 
when making periodic reviewo 
Organizing for Control of Inventories 
Inventories usually represent a large asset in any 
business and a part of the organization should be given the 
responsibility of supervising the inventory control program. 
Authority should be vested in personnel who are capable of 
making sound decisionsj understand the forecasting and pro-
duction process~ and are cognizant of the organization ob-
jectives. Each person should understand the decisions he 
is expected to make and just what implications are concern-
ed. He should know by analyzing the records and demand 
figures what level of inventories is required and the size 
of the replenishment orders to be placedo Above allj he 
must be able to detect changes in demand regardless of the 
uncertainty involved so that the plant facilities will be 
in the best position possible to satisfy customer demands. 
CHAPTER V 
SUMMARY AND CONCLUSIONS 
In this thesis~ an attempt has been made to establish 
methods by which the management of a concrete batch opera= 
tion can make use of in establishing a reliable system of 
controlling its inventories o A sound inventory program de-
pends on a reasonable forecast of demand ~ the ability to 
establish optimum inventory levels and control procedures 
to restore inventories to desired levels o 
Forecasting for concrete sales can be a very difficult 
task because it is a seasonal product and sales are influ= 
enced by local business conditions o Methods are discussed 
and examples shown for arriving at a demand forecast o De-
' mands are calculated on a monthly basis because it was pos-
sible to eliminate certain factors o Forecasting is done in 
terms of 0 0 normal 00 years 9 that is ~he trend with the usual 
seasonal variationo A dependable forecasting plan aids 
management in making dec isions i however ~ there is no sub-
stitute for good judgment o 
Statistical methods were used in determining the prop-
er inventory levels to carry in the 00 face of uncertainty 00 0 
Safety allowances were discussed and a temporary method 
shown for determining safety allowances when limited data 
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is available o The routine will suffice until enough data 
is accumulated to more accurately determine the safety 
stocks o A reorder rule was developed to give management 
a systematic plan for establishing inventory levels and is 
applicable under uncertainty conditions o 
The final step of an inventory control program is es-
tablishing proper restrictions which are necessary in aid-
i ng management to reach its objectives o Control is neces= 
sary to correct errors in the forecast as they occur and to 
insure the inventory control program is operating according 
t o p l an o 
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